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Abstract 
Coral reef ecosystem is a typical ecosystem in tropical marine and important for coastal island communities, including in Owi 
Island. This study aims to know a condition of coral reef covered area in Owi Island using Rapideye imagery satellite. This study 
used the "depth invariant index" method using bands 1 and bands 2 is Y = ln (bands 1) – ki/kj ln (bands 2) with unsupervised 
classification and field observation directly using manta tow method. The results show that area or percent cover of live coral is 
23 ha (22%) and dead coral 21.46 ha (20%). Meanwhile, percent cover live coral using manta tow method between 11%-30% 
and dead coral between 31%-50%. The overall accuracy satellite imagery for mapping benthic habitats is 73.42% and coefficient 
kappa is 0.67. 
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1. Introduction 
Coral reef ecosystems is a unique ecosystem found in the tropics. This ecosystem has a very high organic 
productivity, as well as the diversity of biota inside [1]. Coral reef ecosystems is one of the ecosystems that provide 
abundant marine products both organic and non-organic materials. This ecosystem is home to marine biota that has 
economic value for reef fish but being often exploited. Coral reefs in Indonesia has an area of 50,875 km2 which is 
18% of the total world's coral reefs [2]. However, in 2012 the total area of coral reefs in Indonesia has reduced to 
39,500 km2 which is 16% of the total world's coral reefs [3]. Monitoring the condition of coral reef ecosystems can 
be conducted directly and indirectly. Direct monitoring conducted by field survey, such as LIT (LinIntercept 
Transect) or transect line, manta tow, belt transects [4] and PIT (Point Intercept Transect) [5]. Meanwhile, indirect 
observation can be conducted by utilizing satellite imagery capabilities. 
Owi Island is an island located off the coast of East Biak Subdistrict, Noemfoor Biak District, Papua Province. 
Owi Island is one of the target area Coremap II Noemfoor Biak in the management of Marine Protected Areas 
(MPAs) along with a cluster of Padaido Islands (GPP Padaido), Coastal East Biak, and Oridek. There are two 
locations of DPL on Owi Island located in the North and Northeast of the island. Formation of DPL aims to protect 
the coral reef ecosystems in the islands [6]. Monitoring the condition of coral reef ecosystems directly was mostly 
conducted in Owi Island. While indirect monitoring has not been conducted by processing the satellite images of 
Owi Island. 
2. Methods  
This study was divided into several stages consist of preliminary data processing stage in December 2014 and 
data collection stage in the Owi Island, Noemfoor Biak, Papua Province, on February 18th to 19 th 2015. The study 
site is located geographically between 1º13'40"- 1º15'20"S and 136º11'00" - 136º14'00"E. Stage data processing was 
conducted in the Computer and Remote Sensing Laboratory, Department of Marine Science and Technology, Bogor 
Agricultural University in February-March 2015. The study location can be seen in Fig. 1. 
Fig. 1. Study location in Owi Island, East Biak Papua 
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2.1 Data analysis procedure 
The procedures were divided into two major parts. First, remote sensing data processing that consist of early 
stages of processing satellite imagery as survey preparation. Second, verification of processed satellite imagery or 
ground check. Both of estimation data collection procedures of coral cover was using manta tow. Research 
procedure can be seen in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Flow diagram of data processing seabed habitat classification 
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2.2 Image pre-processing 
The initial image processing consists of the recovery process image (image restoration) and subset the image 
(image cropping). Image recovery process consists of radiometric and geometric correction, radiometric correction 
was not performed because the image has been corrected radiometrically and image has been cropped to restrict the 
research area. 
 
2.3 Image processing 
The next image processing algorithms using depth invariant indices on channel 1 and 2, it aims to eliminate the 
influence of the water column of the base cover water material. The algorithm can be seen below:  
 
Y    = The image of the transformation of shallow waters 
Band 1  = Digital value on Channel 1 on the RapidEye images 
Band 2  = Digital value on Channel 2 on the RapidEye images 
Ki/kj   = Coefficient attenuasi value 
 
where  :  
 ൌ ሺVar 1-Var2)/(2Covar 1,2) 
Var 1 = Varian value of Band 1 
Var 2 = Varian value of Band 2  
Covar 1,2 = Covarian value of Band 1 and 2 
 
2.4 Field survey 
Field survey was conducted using manta tow and ground check was performed to see the accuracy of the point 
which was considered to represent each existing habitat. For the coral reef ecosystems direct monitoring, manta tow 
was used. 
 
2.5 Test accuracy 
Calculation accuracy test was conducted to consider the producer side of the map (producer's accuracy) and user 
side of the map (user's accuracy) [7]. 
User Accuracy j = Sjj
S˖j            
Overall Accuracy ሺOAሻ  = σ Sijki=1
S
             
Producer Accuracy i       = Sii
Si˖ 
 
2.6 Kappa analysis 
Kappa analysis is a technique for calculating the discrete multivariant accuracy. Kappa analysis is used to cover 
the lack of an overall accuracy of the confusion matrix. Calculation of kappa coefficient (k cap) performed by the 
following equation : 
 
 
 
 
 
 
 
K = Kappa coefficient 
K = Number of rows in the matrix 
nii = Number of observation in the coloumn i and row j 
ni+ = Marginal amount of the row j 
n+I = Marginal amount of the column i 
N = Total observation 
       ^ 
k=
Nσ xii-ki=1 σ ሺxi+ × x+iሻki=1
N2-σ ሺxi+ × x+iሻki=1
 
 
(1) 
(2) 
(3) 
(4) 
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3. Result  
3.1. Thematic maps bhentic habits 
Estimation of initial substrate bottom waters was done by using a combination of three channels 521 on 
RapidEye imagery. After transformation Lyzenga, it will show the base substrate classes that exist around the island 
Owi. Digital value before and after using Lyzenga algorithm can be seen in Fig. 3. 
 
   a                b  
 
 
 
 
  
 
 
 
 
 
 
 
Fig. 3 Value of Digital Imagery RapidEye before (a) and after (b) using transformation Lyzenga 
 
The amount of the base substrate class waters seen in the histogram peaks represented by dominant pixel values. 
Digital value range 2.2-14.5. RapidEye imagery distribution of digital values prior to transformation showed that the 
distribution of digital values not shown representatives of the basic classes of aquatic habitat. Six classes 
classification results aquatic habitat base were class coral reefs, sandy coral reef, dead coral, rubble mixed dead 
coral, sea grass, and sand. Benthic habitat classification map can be seen in Fig. 4. 
According to Regulation Directorate General of Coastal Marine and Small Islands, Ministry of Marine and 
Fisheries, regarding the stages of resource mapping of small islands where there are 4 classes of classification of 
coral reefs consist of live coral (green), the dead coral (red), sea grass, and sand (yellow) to map the spatial 
resolution being 5-10 m. Based on the results of the classification, The greatest area of class are rubble mixed with 
31.95 ha (30 %), followed by coral reefs with area of 23 ha (22 %), dead coral with area 21.46 ha (20 %), sand with 
area of 12.88 ha (12 %), sea grass with area 9.15 ha (9 %), and the lowest is reef sandy with area 8.41 ha (8 %). Area 
of each seabed habitat class can be seen in Table 1. 
 
Table 1. The extent of each habitat class basis shallow waters 
Number Description Area (Ha) Percentage (%) 
1 Dead coral 21.46 20 
2 Sea grass 9.15 9 
3 Sand 12.88 12 
4 Rubble, dead coral 31.95 30 
5 Sandy reef 8.41 8 
6 Live coral 23.00 22 
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Fig. 4 Seabed habitat classification map 
3.2 Accuracy assessment 
Imagery RapidEye has a value of OA (overall accuracy) of 73.42 % and has an error value of 26.58 and has a 
kappa coefficient of 0.67 which means that satellite image RapidEye has a confidence level of 67% in detecting 
habitats basis shallow waters. This result indicated that image was quite good. Confusion matrix can be seen in 
Table 2.  
Table 2 Confusion matrix 6 class classification habitat 
Class Sea Sand Live Coral Dead Coral Seagrass 
Rubble Dead 
coral 
Sandy 
reef 
Total Row 
Sea 8      
1 9 
Sand  
13 1 
    
14 
Live Coral 1 1 17 4 1  
1 25 
DC   
1 11 5 
  
17 
Sea grass  
1 
 
4 4 
  
9 
Rubble Dead coral      
2 
 
2 
Sandy reef       
3 3 
Total column 9 15 19 19 10 2 5 79 
 
Calculation accuracy test was conducted to consider the producer and the user side of the map. 
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Table 3 Producer’s and user’s map accuracy  
Producer Accuracy (%) Commission error 
(%) 
User Accuracy (%) 
Commission error (%) 
Class Accuracy Class Accuracy 
Sea 88.89 11.11 Sea 88.89 11.11 
Sand 92.86 7.14 Sand 86.67 13.33 
Live Coral 68 32.00 Live Coral 89.47 10.53 
Dead Coral 65 35.29 Dead Coral 57.89 42.11 
Sea grass 44 55.56 Sea grass 40 60.00 
Rubble Dead Coral 100 0.00 Rubble Dead Coral 100 0.00 
Sandy reef 100 0.00 Sandy reef 60 40.00 
 
4. Conclusion 
The condition of coral reefs in Owi Island was generally categorized into moderate or critical (11-30 %) in the 
percentage of live coral is 22%, dead coral 20%, and rubble dead coral 30%. This information was supported by 
remote sensing data through the RapidEye satellite imagery to detect basic habitat of shallow waters which has an 
accuracy rate of 73.42 % and confidence level of 67 %. 
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